Introduction: This study evaluates the need for adaptive equipment following total knee replacement. There are no recent studies to guide occupational therapists in the optimum time adaptive equipment is required following total knee replacement. Method: A non-experimental, concurrent mixed methods approach was used. The study population was patients attending for total knee replacement at a large general hospital. Outcome measures were the Oxford Knee Score, the United Kingdom Functional Independence Measure and a weekly diary. Results: A total of 19 patients were included in the study. Following assessment, 53% (n ¼ 10) required adaptive equipment following total knee replacement. No significant difference was found in pre-operative pain or function scores, gender or surgical pathway when comparing those who did and did not need adaptive equipment post-operatively. Patients who required adaptive equipment post-operatively had significantly worse pain (p ¼ 0.030) and function (p ¼ 0.040) at 6 weeks post-operatively and had significantly longer inpatient stay (p ¼ 0.041). Conclusion: Although there are resource implications, patients requiring adaptive equipment following total knee replacement should be assessed by occupational therapy staff 6 weeks post-operatively to ensure optimal functional outcomes following surgery.
Introduction

Total knee replacement
Osteoarthritis of the knee is one of the most common causes of disability (Kennedy et al., 2008) and total knee replacement is the treatment of choice for end stage knee osteoarthritis (Toye et al., 2006) . Total knee replacement aims to reduce pain and increase patients' level of function (Jacobson et al., 2008) . In the United Kingdom (UK), more than 87,000 total knee replacements are completed annually (National Joint Registry, 2012) .
Enhanced recovery pathway
One surgical pathway that has increased in its use is that of the enhanced recovery pathway following total knee replacement. The enhanced recovery pathway is a surgical and anaesthetic technique that can reduce the length of hospital stay and speed up rehabilitation (Kigozi et al., 2011) .
Occupational therapy
Following total knee replacement, patients report having difficulty with completing activities of daily living such as washing, dressing and getting on and off of bed, toilet or chair (Beer et al., 2012) . As part of the occupational therapy assessment and intervention, adaptive equipment can be issued to patients to increase or maintain independence (Turner et al., 2007) . A literature search did not reveal any research that could be used to give patients and therapists advice on the duration of use for adaptive equipment on discharge home following total knee replacement. The aims of this study were to evaluate the use of adaptive equipment following total knee replacement for patients going through both the standard pathway and the enhanced recovery pathway and in particular how long patients continue to use the equipment at home.
Literature review
Literature search approach
A literature search was undertaken using the following databases: Medline, Web of Science, the Cumulative Index to Nursing and Allied Health Literature (CINAHL) and Cochrane Reviews. The databases were searched for papers published between 2002 and 2013. Due to the limited research in occupational therapy and adaptive equipment, the search time frame was extended to between 1990 and 2013. The search terms used were: arthroplasty, replacement, knee, fast track, enhanced recovery, occupational therapy, activities of daily living, Functional Independence Measure, Oxford Knee Score, outcome measure, education and patient perceptions.
Total knee replacement
A large number of previous studies have reported that, regardless of factors such as age, gender and body mass index, total knee replacement is effective in reducing pain and increasing function (Kennedy et al., 2006 (Kennedy et al., , 2008 Lopez-Olivo et al., 2011; Nerhus et al., 2010; Vincent et al., 2006 Vincent et al., , 2007 . Although previous studies have demonstrated favourable results, the degree of improvement has varied. It has been highlighted that poorer preoperative function is a predictor for poorer post-operative function (Hall et al., 2008; Scott et al., 2010) .
Enhanced recovery pathway
The enhanced recovery pathway is a surgical, anaesthetic and multi-disciplinary pathway that allows for earlier mobilisation, rehabilitation and a reduction in length of stay following surgery. Raphael et al. (2011) stated the main aspects of the enhanced recovery pathway are preoperative patient education, multi-modal analgesia with periarticular injections, early mobilisation and rehabilitation and coordinated discharge planning. An enhanced recovery pathway is more cost effective than the standard pathway (Antrobus and Bryson, 2011) , and if used for all total knee replacements in the UK, could save 434,520 bed days per year (Malviya et al., 2011) .
Occupational therapy and adaptive equipment
Following total knee replacement, the role of the occupational therapist is to provide rehabilitation to facilitate the patients' discharge and to promote return to their roles and occupations (Mooney and Ireson, 2009) . Following functional assessment with the patient, occupational therapists often prescribe adaptive equipment such as bath or shower aids, chair or bed raisers, toilet seats or frames and dressing aids (Turner et al., 2007) . This adaptive equipment is required to allow the patient to function as independently as possible during the postoperative period when function may be reduced. However, there is little research which looks at patients' compliance and use of the equipment once it has been issued and patients are discharged home. From the results of their literature review, Wielandt and Strong (2000) reported that, following discharge from orthopaedics, use of equipment at 6 weeks post-operatively was 46%. Reasons for stopping use of the equipment were put down to the patients physical health improving and 'living arrangements'; however, the term 'living arrangements' was not explained further. They stated that safety and levels of independence may be 'compromised' if patients stop using adaptive equipment too early. Neville-Jan et al. (1993) sent questionnaires to 80 patients who had received adaptive equipment, 3 months after hospital discharge. The non-utilisation rate at this time was 36%. Gitlin et al. (1999) , who studied patients living at home with a wide range of health conditions, and Wielandt et al. (2001) , who studied patients discharged following general medical or surgical admissions, both specifically investigated patients' use of adaptive bathing equipment. At 3 months and 8 weeks, respectively, both studies showed a non-utilisation rate of at least 20% (Gitlin et al., 1999; Wielandt et al., 2001) . Wielandt et al. (2001) stated that patients will cease use of equipment if their medical condition or level of function improves. These studies however, were not focused specifically on patients following joint replacement.
Two more recent studies showed similar results. Non-utilisation of adaptive equipment was reported as 22% by Sainty et al. (2009) and 28% by Thomas et al. (2010) . However, Sainty et al. (2009) studied community patients who had a variety of health conditions and had ongoing health needs. Thomas et al. (2010) investigated patients after total hip replacement and showed that the majority of patients continued to use the equipment regardless of time since surgery. The study by Thomas et al. (2010) had a very small sample size of nine and followed patients for up to 4 years post-operatively. This time period may alter patients' opinions and memory of the initial intervention and use of the equipment (Flick, 2011) . Continued or long-term use of adaptive equipment may results in patients becoming reliant on the equipment, reducing their functional ability. In addition, it is important that patients return their equipment when it is no longer needed in order for it to be recycled for future patients. Continuous use of equipment reduces the cycle of return and re-issue and thus has resource implications. Kiefer and Emery (2006) reviewed records of 47 patients who had a total knee replacement to identify patients' ability with self-care and transfer tasks on discharge following total knee replacement. They reported that, as assessed by the Functional Independence Measure (FIM), patients required adaptive equipment to be independent with the tasks. In contrast, Iyengar et al. (2007) stated that, on discharge, all of the 174 patients in their study were independent without the use of adaptive equipment following total knee replacement. These two studies demonstrate the variation in provision of adaptive equipment following total knee replacement.
In summary, previous studies have demonstrated variation on what equipment is issued by occupational therapists, and furthermore there is variation in the amount of time that patients use adaptive equipment following total knee replacement. This is important, as continuing to use equipment for too long can reduce function and create dependence on its use, whereas stopping use of equipment too early can increase the risk of injury (Neville-Jan et al., 1993) . Kiefer and Emery (2006) , Brittle et al. (2007) and Khan et al. (2009) identified the need for evidence to support practice and the efficacy of occupational therapists issuing adaptive equipment following total knee replacement. This is supported by a Cochrane Review, which recommends that further study is required on the effectiveness of specific rehabilitation interventions and components following lower extremity joint replacement (Khan et al., 2009) . The aims of this study were to evaluate the use of adaptive equipment following total knee replacement for patients going through both the standard pathway and the enhanced recovery pathway, and in particular how long patients continue to use the equipment at home.
Methods
For this study, a non-experimental, concurrent mixed methods approach was used. The study population was patients attending for total knee replacement at a large general hospital. Patients were assessed on three occasions: once pre-operatively, once on day of discharge from inpatient care and once at home 6 weeks postoperatively.
To be included in the study patients had to be admitted for elective uni-compartmental or total knee replacement (standard or enhanced recovery pathway) and over 18 years old. At the time of the study, the enhanced recovery pathway was being introduced so there was no set criteria for who received which pathway. Surgeons and anaesthetists discussed this with patients on the morning of surgery and made the decision based on clinical judgment.
Patients were excluded if they already had adaptive equipment in place for reasons unrelated to their knee pain; had other significant health problems such as stroke or chronic obstructive pulmonary disease which reduced their level of function; admitted for bilateral total knee replacement (either simultaneously or staged within 12 weeks); had significant cognitive impairment that would limit their ability to complete the patient diary or Oxford Knee Score (OKS) questionnaire; or lived further than 30 miles from study hospital. All patients who fulfilled the inclusion and exclusion criteria within the study period were invited to participate.
For patients included in the study, information was recorded on age, gender, surgical pathway, support at home and procedure.
The researcher assessed patients at home, no more than 2 weeks prior to surgery, on the ward on day of discharge and again at home 6 weeks following surgery.
Level of function was assessed using the UK FIM on three occasions. The UK FIM is a functional assessment tool, covering areas such as personal care, transfers, mobility, cognitive function and household tasks (Tian et al., 2012) , and is widely regarded as a valid and reliable tool and suitable for use within orthopaedics (Greenglass et al., 2005; Herbold et al., 2011; Kiefer and Emery, 2006; Tian et al., 2012; Turner-Stokes et al., 1999; Vincent et al., 2007 Vincent et al., , 2010 . The UK FIM has a seven-point scoring system across 18 items. A score of 1 for an activity indicates the patient requires maximum assistance or is unable to complete the activity, and 7 indicates full independence; thus the total score is between 18 and 126 (Turner-Stokes et al., 1999) .
All patients completed the OKS once pre-operatively and then once per week following surgery until the week 6 follow-up. The OKS records patients' perception of knee pain in areas such as mobility, self-care and stairs ability. It contains 12 questions with five possible responses for each (0-4). A score of 0 for a question indicates most severity or difficulty and 4 suggests least difficulty or severity, thus a total score of between 0 and 48 is recorded (Dawson et al., 1998) . The OKS is the 'best and most reliable' measure for the assessment of total knee replacement (Howell and Rogers, 2009 ). In addition, the UK Government and National Joint Registry have adopted the OKS as a validated outcome measure to assess outcome following total knee replacement (Scott et al., 2010) .
All patients in the study were assessed post-operatively by a support worker, according to local protocol. Patients who were issued with adaptive equipment completed a weekly diary, for 6 weeks, to document their use of equipment and highlight if they stopped using the equipment at any point.
Data analysis
Quantitative data were analysed using Minitab (Version 15). Descriptive statistics were used to analyse data from the whole sample and to compare the group issued with adaptive equipment post-operatively with the group who were not. Two sample t tests were used to compare UK FIM scores, OKSs, length of stay, gender, age, method of surgery (enhanced recovery/standard pathway) and need for equipment post-operatively. Statistical significance was taken as a p value of <0.05.
Results Sample
A total of 46 patients were suitable to be included in the study during the recruitment period from January 2013 to May 2013. Of these 25 patients were not included in the study, 10 patients were admitted for surgery prior to contact from the researcher, two patients were discharged to stay with family out of the study area and 13 patients declined to take part. Therefore, 21 patients consented to being included in the study, of which, one patient's surgery was cancelled because of outstanding health issues and one patient was an inpatient for the duration of the follow-up period due to a wound infection. Thus, the study had a final sample of 19 patients.
There were eight females (42%) and 11 males (58%). The mean age for the sample was 68 years (SD 11.2 years). The mean age for the female group was 72 years (SD 9.0 years) and for males was 66 years (SD 12.4 years). Six people received the enhanced recovery pathway and 13 the standard pathway (Table 1) .
Length of stay
The mean length of stay for the sample was 4.7 days. There was no statistical significance regarding length of stay between males and females (CI À2.447, 1.197, p ¼ 0.478).
Patients undergoing total knee replacement through the enhanced recovery pathway (n ¼ 6, 32%) had a mean length of stay of 3.3 days (range 1-6 days, SD 1.6 days). Patients undergoing total knee replacement through the standard pathway (n ¼ 13, 68%) had a mean length of stay of 5.3 days (range 3-8 days, SD 1.8 days). The length of stay was significantly shorter for those who received the enhanced recovery pathway compared with the standard pathway (CI 0.194, 3.909, p ¼ 0.034) (see Figure 1 ). Is there a difference between patients who receive adaptive equipment following a total knee replacement and those who do not?
Patients who were issued with adaptive equipment had a statistically longer length of stay (5.6 days, SD 1.7) compared with those who were discharged without adaptive equipment (3.7 days, SD 1.7) (CI À3.58, À0.08, p ¼ 0.041).
A total of 50% (n ¼ 3) of patients undergoing total knee replacement through enhanced recovery pathway and 54% (n ¼ 7) of those going through the standard pathway required adaptive equipment for discharge home (Table 1 ). There was no statistically significant difference between the two groups (standard and enhanced recovery pathway) in terms of the number of people being issued with adaptive equipment post-operatively (CI À0.44, 0.52, p ¼ 0.876). There was also no statistically significant difference between men and women in terms of the issue of adaptive equipment (CI À0.70, 0.178, p ¼ 0.244).
Patients who were issued with adaptive equipment post-operatively scored lower on the OKS throughout the 6-week assessment period compared with those who were not. The difference was not statistically significant pre-operatively (CI À5.81, 11.77, p ¼ 0.483) or week 1 post-operatively (CI À3.89, 9.92, p ¼ 0.365), however, at week 6 the OKS was significantly lower in patients who received adaptive equipment than those who were not (CI 0.82, 12.60, p ¼ 0.030) (see Figure 2 ).
Patients who were issued with adaptive equipment postoperatively had lower UK FIM scores at the three assessment points than those who were not issued with adaptive equipment. However, the difference was not statistical significant pre-operatively (CI À0.47, 5.50, p ¼ 0.094) or on day of discharge (CI À3.40, 4.38, p ¼ 0.789). At the week 6 follow-up assessment there was a statistically significant difference with patients who were issued with adaptive equipment, having significantly lower scores than those who were not (CI 0.063, 2.271, p ¼ 0.040).
How long do patients use adaptive equipment following total knee replacement?
Of the 19 patients included in the study, adaptive equipment was issued to 10 patients, three females and seven males. Three patients received one item of adaptive equipment, 6 patients received two and one patient received five items (Table 2) . A total of 20 items of adaptive equipment were issued: eight were to assist toilet transfers, seven to assist patients with meal preparation, three to assist bathing, one for chair transfer and one for bed transfers.
Three (30%) patients required the use of their adaptive equipment beyond the 6 week follow-up assessment. With the exception of one patient who did not use the toilet surround frame as it did not fit in his toilet, all adaptive equipment was used for at least 4 weeks. The patients who stated they stopped use of the adaptive equipment prior to the follow-up assessment at week 6 stated they did so as they no longer required its use due to an improvement in their level of function.
Is there a relationship between the patients' level of pain and/or function and the length of time they continue to use adaptive equipment following knee replacement?
There was no statistically significant difference in the OKSs of patients who required ongoing use of adaptive equipment at week 6 30.33 (SD 4.93), compared with those who did not 30.43 (SD 1.72) (CI À12.47, 12.66, p ¼ 0.977).
There was a statistically significant difference between the two groups in UK FIM scores at week 6 post-operatively (CI 1.490, 3.748, p ¼ 0.002). Patients who required the use of adaptive equipment beyond week 6 had a mean UK FIM of 122.66 (SD 0.577) compared with 125.28 (SD 0.756) in the group who no longer required adaptive equipment (CI 1.490, 3.748, p ¼ 0.002).
Discussion and implications
Enhanced recovery pathway
Only 6 (32%) patients out of the 19 had total knee replacement under the enhanced recovery pathway. The low number of patients who received the enhanced recovery pathway was due to the pathway not being performed by all surgeons and anaesthetists in the study hospital. However, in this current study, the use of an enhanced recovery pathway demonstrated significantly shorter lengths of stay compared with the standard pathway (3.3 days compared with 5.3 days). Following implementation of an enhanced recovery pathway for patients undergoing total knee replacement, both Raphael et al. (2011) and Husted et al. (2011) indicated a reduction in length of stay when compared with the standard pathway. However, an average length of stay for enhanced recovery patients in the current study of 3.3 days is longer than that reported in these two studies, with Raphael et al. (2011) reporting a length of stay of 47 hours and Husted et al. (2011) reporting a length of stay of 2.4 days. The patients in the current study were not given pre-operative education on the enhanced recovery pathway at their pre-operative assessment. The decision to carry out surgery with the enhanced recovery pathway was made by the surgical team on the day of surgery. In comparison, Husted et al. (2011) provided a standardised pre-operative education session for patients-to inform the patients about the enhanced recovery procedure and what to expect, and their expectations following surgery.
The current study did not exclude patients based on pre-operative pain or function scores, whereas Raphael et al. (2011) chose patients with better general health and pain and function scores for the enhanced recovery pathway. The longer length of stay for enhanced recovery patients in the current study compared with Raphael et al. (2001) may, therefore, be a result of the lack of pre-operative education and that patients were not excluded from the enhanced recovery pathway based on pre-operative function or pain scores.
How long do patients require adaptive equipment following total knee replacement?
Patients who required adaptive equipment following total knee replacement, needed to use the equipment for a minimum of 4 weeks. The patients who stopped use of their adaptive equipment prior to the follow-up assessment at week 6 stated that they no longer required it due to increased mobility and function. The patients who stopped use of adaptive equipment at week 6 did so at the followup assessment. Without the follow-up assessment, it is unclear when these patients would have stopped using the equipment. The current study found that 70% of patients issued with adaptive equipment did not need its use after 6 weeks. As patients in the current study waited until the follow-up assessment before stopping its use, this could imply that patients may be inclined to carry on use of adaptive equipment for longer than required without further support or guidance from healthcare staff once at home. This point is supported by Thomas et al. (2010) who stated that patients in their study had continued use of adaptive equipment when questioned 4 years after surgery. It is important then to advise patients to use the equipment for as long as is needed (minimum of 4 weeks) but not for a prolonged period, as this may result in reliance on the equipment and reduced independent functional ability. Wielandt and Strong (2000) claim that for orthopaedic conditions, 46% of patients had stopped using the adaptive equipment 6 weeks after their operation. Wielandt and Strong (2000) do not give details of the specific orthopaedic surgery or conditions within their study. The current study found 70% of patients were using, but no longer required, adaptive equipment at week 6 postoperatively. Unlike the present study, the studies reviewed by Wielandt and Strong (2000) did not complete functional assessments with patients, which may explain the difference in utilisation rate of the studies. By completing a functional assessment at the week 6 follow-up, the researcher was able to demonstrate to the patients that they were independent with the relevant area of function and they no longer required the adaptive equipment.
If there is currently no routine follow-up service provided to patients following total knee replacement, introducing this service would have resource implications including staffing costs. However, this may be offset by a reduction in equipment costs if more equipment could be returned, recycled and made available for future patients. The introduction of services to provide follow-up assessment for total knee replacement patients on discharge home would depend on local policy and service provision and the cost-benefit analysis of such service development. Patient did not use toilet surround frame on discharge.
c Patient had adaptive equipment in place prior to surgery due to knee pain and was assessed as still requiring adaptive equipment on discharge following total knee replacement. Kiefer and Emery (2006) and Iyengar et al. (2007) , do not agree on the need for adaptive equipment following total knee replacement. Kiefer and Emery (2006) stated that adaptive equipment was required to assist transfers and lower half dressing, whereas Iyengar et al. (2007) claimed that patients required no adaptive equipment following total knee replacement. The current study issued adaptive equipment to patients that assisted with transfers, meal preparation and showering. The study hospital does not routinely issue adaptive equipment to assist lower half dressing, as this is an aspect of rehabilitation following total knee replacement and patients are encouraged to bend as much as possible to dress their lower half. Iyengar et al. (2007) completed pre-operative assessments to identify patients' suitability for their study and had a programme of rehabilitation for patients on discharge home. The current study provided no follow-up or rehabilitation for patients on discharge home, until the 6-week follow-up. The increased input in the study by Iyengar et al. (2007) may have allowed patients to be discharged without adaptive equipment, because they had additional support once at home.
The results of this study would suggest that occupational therapy staff can inform patients that, if they have been assessed as needing adaptive equipment to maintain independence following total knee replacement, then they will require the use of the adaptive equipment for at least 4 weeks.
Is there a relationship between the patients' level of pain and/or function and the length of time they continue to use adaptive equipment following total knee replacement?
There was no difference in pain scores when comparing patients who required the use of adaptive equipment beyond the follow-up assessment at week 6 and those who no longer required its use (p ¼ 0.977). This indicates that level of pain had no impact on patients' level of function,
As could have been expected, function scores for the two groups were significantly different (p ¼ 0.002); the group who no longer required adaptive equipment had a higher UK FIM score compared with those still using adaptive equipment. The patients who no longer needed the adaptive equipment demonstrated independence with their activities of daily living without the need for the adaptive equipment. Continued reliance on adaptive equipment implies that patients have not returned to full independence.
Is there a difference between patients who receive adaptive equipment following a total knee replacement and those who do not?
This study found that the pre-operative UK FIM score, gender and surgical pathway were not associated with the need for adaptive equipment. Additionally, OKS preoperatively and 1 week post-operatively were similar between the two groups. These results contradict the studies by Scott et al. (2010) and Hall et al. (2008) who stated that patients' level of pain and function preoperatively is a predictor for post-operative level of function.
The study by Scott et al. (2010) recruited 1217 patients who were assessed pre and post-operatively using two patient complete questionnaires; one general health (Short Form Health Questionnaire) and one knee specific (OKS). The study by Hall et al. (2008) recruited 15 patients and used a grounded theory approach to interview patients who were listed for a total knee replacement. Neither of these studies completed functional assessments with their study group to gain objective data on patients' level of function, therefore, their findings on predictors for post-operative function are based on patient reports only. When completing research, it is suggested that there is a variety of data collection methods (quantitative and qualitative) and outcome measures (disease specific/general health/patient report/clinical observation) used to ensure all aspects of the patients' intervention and level of function are recorded (Polit and Beck, 2006) . This current study completed functional assessments at three time points and suggests that there is no association between surgical pathway, gender and pre-operative pain and level of function and the need for adaptive equipment following total knee replacement.
Patients who were issued with adaptive equipment had lower scores for function and pain throughout the 6-week study period when compared with those not issued with adaptive equipment and at 6-week follow-up, the difference was statistically significant (pain p ¼ 0.030, function p ¼ 0.040). Indeed patients with longer hospital stays had lower function and were more likely to receive adaptive equipment. The reasons for this are not clear; however, it may be that patients who require adaptive equipment have generally poorer health and wellbeing than those who do not. These results have implications for occupational therapists, as they indicate that patients who have been issued with adaptive equipment require additional rehabilitation and support to allow them to continue to improve their level of function.
The small sample size in comparison with the total knee replacement population is a limitation of the current study. Another limitation is that the researcher completed the assessments at week 6 follow-up and therefore was not blinded to the aims of the research.
This study has identified a need for further assessment and rehabilitation, on discharge, for patients who were issued with adaptive equipment. Additional input from therapy services, will however, have an added cost implication to the department providing the service.
Conclusion
There was no statistical significance in pre-operative pain and function scores, gender or surgical pathway between those who required adaptive equipment following total knee joint replacement and those who did not. This suggests that patients following total knee replacement require individual assessments while in hospital to determine if adaptive equipment is required.
Patients who had been issued with adaptive equipment demonstrated significantly worse pain and function scores 6 weeks post-operatively. The results of this study would suggest that patients who are issued with adaptive equipment following total knee replacement will require follow up and reassessment 6 weeks post-operatively.
This study evaluated patients' need for adaptive equipment following total knee replacement. This study demonstrated that those who needed adaptive equipment following total knee replacement required this for a minimum of 4 weeks. Prior to this study, there was no information on the length of time patients used adaptive equipment following total knee replacement.
Patients who are issued with adaptive equipment following total knee replacement would benefit from additional input and rehabilitation on discharge to improve levels of function and independence and to reduce reliance on adaptive equipment.
Key findings
Although there were no differences pre-operatively or on discharge in pain and function, patients requiring adaptive equipment following total knee replacement had significantly worse pain and function 6 weeks post-operatively.
What the study has added
Patients issued with adaptive equipment following total knee replacement will require to use it for a minimum of 4 weeks.
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